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(54) lms<£& ©receding method and image encoder 

(57) An cm^rje signal is transformed by at least two 
different mathematical transformations to obtain at least 
two ciftcrcrt transformed signals. A selected one of the 
transformed signals is quantized and coded, the selec- 
tion beirq made so as to minimize the size of the coded 



data. The selection is made by comparing the energy 
convergence rates of the transformed signals, or by 
quantizing all of the transformed signals and comparing 
the amounts of non-zero quantized data, or by quantiz- 
ing and coding all of the transformed signals and com- 
paring the coded data sizes directly. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to an image encoder for encoding an image signal such as a digitized still-image 
signal or a differential image signal representing the difference between two frames in a moving image. 
[0002] Conventional image encoders begin by performing a two-dimensional mathematical transformation such as 
a discrete cosine transform or a wavelet transform on the image signal. The transformed data are next rearranged in 
a one-dimensional sequence and quantized according to a certain quantizing rule. The quantized data are then coded 

w by a suitable method such as an entropy coding method. As a result, the input image signal is usually compressed to 
a fraction of its original size. 

[0003] One objective in image encoding is to achieve the maximum compression ratio. The key to attaining this 
objective is to have the mathematical transformation encode the image information in a relatively small number of non- 
zero values, or more precisely, in a relatively small number of values that will be quantized to non-zero values. Unfor- 
15 tunately, no single mathematical transformation works well for all images. Since the discrete cosine transform employs 
the cosine function, it succeeds excellently for image signals that vary in a periodic manner, but has less success with 
image signals in which sharp transitions (edges) appear at arbitrary locations. The wavelet transform is good at handling 
edges, but is less successful in dealing with periodic signals. 

[0004] Conventional image encoders thus yield high compression ratios for some image signals and low compression 
20 ratios for other image signals. As a result, the average compression ratio falls far short of the desired maximum. 

SUMMARY OF THE INVENTION 

[0005] It is accordingly an object of the present invention to improve the compression ratio of an image encoder. 
25 [0006] Another object is to encode different types of image signals with a high compression ratio. 

[0007] In the invented image encoding method, an image signal is transformed by at least two different mathematical 
transformations to obtain at least two different transformed signals. These transformed signals are separately reordered 
to obtain respective one-dimensiona! signals. 

[0008] According to afirst aspect of the invention, the one-dimensional signals are respectively quantized and coded 
30 to obtain at least two coded signals. The coded signal with the smallest code size is then selected and output. 

[0009] According to a second aspect of the invention, the one-dimensional signals are respectively quantized, and 
the amounts of non-zero data in the resulting quantized signals are compared. The quantized signal with the least 
amount of non-zero data is selected, coded, and output. 

[0010] According to athird aspect of the invention, the energy convergence rates of the one-dimensional signals are 
35 compared. The one-dimensional signal with the fastest energy convergence rate is selected, quantized, coded, and 
output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 [0011] In the attached drawings: 

FIG. 1 is a block diagram of a first embodiment of the invention; 
FIG. 2 illustrates the output of a wavelet transform; 
FIG. 3 is a block diagram of a second embodiment of the invention; 
45 FIG. 4 is a block diagram of a third embodiment of the invention; and 

FIG. 5 is a block diagram of a fourth embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

so [0012] Embodiments of the invention will be described with reference to the attached illustrative drawings. 

[0013] Referring to FIG. 1 , a first embodiment of the invention comprises a wavelet transform (WLT) processor 11 , 
a first scanner 12, a first quantizer 13, a first coder 14, a code size comparator 15, a switch 16, a discrete cosine 
transform (DCT) processor 21 , a second scanner 22, a second quantizer 23, and a second coder 24. The code size 
comparator 1 5 and switch 1 6 constitute a coded signal selector 25. These el ments comprise well-known computational 

55 and memory circuits, detailed descriptions of which will be omitted to avoid obscuring the inv ntion with irrelevant 
detail. The lements are int rconnected as shown, and operate as follows. 

[0014] An imag signal s10 representing a two-dim nsional image is input to th wav let transform proc ssor 11 
and discrete cosine transform processor 21 . Both processors 11 and 21 divide the input image into two-dimensional 
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blocks of picture elements (pixels), end transform each block separately. The block sizes employed by the two proc- 

Sdi°3 The* wavelet transform employs a low-pass filter h(k) and a high-pass filter g(k) having respective Fourier 
transforms H( co ) and G( w ) that satisfy the following conditions ( u> is a variable representing frequency). 

IH(0)l = 1 
IHO ) I 2 + IG( o> + * )l 2 = 1 

100161 The wavelet transform is carried out in successive stages, high-pass and low-pass spatial filtering being per- 
ormed in each stage. The output of each stage comprises four components, representing different combinations of 
hTani low horizontal and vertical spatial frequencies. If S (M) 0. K> and 8, ft K) denote the input and output of t h e , 
th stage. add,t,onal subscnpts H and L denote high and low, and an asterisk (*) denotes the mathemat.cal convolution 
operation, the four components can be described by the following formulas. 

5^0/2, k/2) = Sm^fi, k)*h(j)*h(k) 
SLH,(j/2, k/2) = Su^dQ, k)*hO)*g(k) 



25 



S HLi (j/2, k/2) = Smi.,,0, k)*g(j)*h(k) 
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S HHi (j/2, k/2) = s LUM) a, k)*gQ)*g(k) 

r0017l The notation (j/2, k/2) indicates that the output of each stage is scaled down by a factor of two in the horizontal 
and vertical directions. Equivalently, the cutoff frequency separating high-frequency components from low-frequency 
components is reduced by a factor of two in each stage. S^ft k) is the input image signal 

fooTs] The wavelet transform is illustrated in FIG. 2 for the case of an 8 x 8 block. The symbol HL1 for example 
denotes the data S HL ,(j/2, k/2) given by the formula above. The result of this wavelet transform is a first transformed 
Jgnafs.. comprising^L-dimensionaf array of sixty-four transformed data values for each 8 x 8 block of input -mage 
Dixels Each transformed data value is indicated by one block dot in FIG. 2. 
P019] ^chJo-dimensional array isprovidedto 
in Table 1 to obtain a first one-dimensional signal s12. 

Table 1 
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[0020] The first one-dimensional signal s12 output by the first scanner 12 is quantized by the first quantizer J3 to 
produce a first quantized signal .13. Quantization simply means that a range of possible signal va ues ™ rawed 
onto a single quantized value. The quantization rule can be described by a quantizing table stor d in the first quantizer 
13, or by one or more mathematical formulas. 
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ro02ll The first quantized signal s14 is coded by the first coder 1 4. The coding scheme employs, for example var- 
able L2 Z^ZTeL representing a run of zeros followed by one non-zero quantized value. A ^.ng scheme 
ol 'his type can be described in terms of a coding table. The resulting first coded signal .14 m output to the coded 

foSrS 0 discrete cosine transf oon processor 21 transforms the same image signal s1 0 by the formula *™ 
whSUnvorts an n x n block of pixel values into an n x n block of coefficients F(u, v). The block-s.ze parameter n ,s 
h oositivc integer such as eight. 
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100231 I he resulting coefficients F(u, v) form a two-dimensional array, u denoting the horizontal 
SdLn^on Thlsetwo-dimensionalarraysareoutputasasecondtransto 

Tin** roorocrs the coefficients in the zig-zag sequence indicated by Table 2 to obtain a second one-d,mens,onal 
signni s22 

Table 2 
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[00241 The second quantizer 23 quantizes the second one-dimensional signal s22 to obtain quantized coverts 
51) The second quantizer 23 uses one pair of quantizing formulas for still images, and another pa.r of 
Sniulas for differential images. In a moving image, the first pair of formulas is used for .ntra-frames, and ft. second 
pair for .nter-f rames Each pair of formulas has a parameter q denoting the quantization step size. The first pa.r of 
formulas, used for still images and intra-frames, is as follows. 

QF(0, 0) = [F(0, 0) + 4]/8 
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QF(u, v) = F(u, v)/(2 x q), if (u, v) * (0, 0) 
[0025] The formulas used for differential images (inter-frames) are as follows. 

QF(u, v) = [F(u, v) - q/2]/(2 x q), if F(u, v) > 0 

QF(u, v) = [F(u, v) + q/2]/(2 x q), if F(u, v) < 0 



[0026] The quantized coeffbient data QF(u. v) constitute the second quantized signal s23 

quantizer 23 to the second coder 24. The second coder 24 codes this signal by a method •7^^^^'; 
the first coder 1 4. for example, although not necessarily with the same coding table, and supplies the result.ng second 
coded signal s24 to the coded signal selector 25. 



4 



10 



15 



20 



EP 1 102 490 A1 

[00271 In the coded signal selector 25, the code size comparator 1 5 compares the total code size of the two coded 
signals s 4 and s24, selects the coded signal with the smaller code size, and sends the switch 1 6 a control signal s1 5 
commanding the fswftch 1 6 to output the se.ected signal In FIG. 1 . the selected signal .1 6 ,s the second coded signal 

tOMSl By using two different mathematical transformations and selecting the coded signal with the smaller code 
size the first embodiment is able to obtain a high compression ratio for a wide vanety of input -mage «gnato The 
average compression performance of the first embodiment is thus considerably better than the compression perform- 
ance of an image coder of the conventional type, which is limited to a single mathematical transformation 
[0029] ™e use of independent quantizers 13 and 23 and independent coders 14 and 24 for -the s.gnate resulting 
horn the two mathematical transformations a.lows each transformed signal to be quantized and coded by a method 
IZ uted to the particular transformation employed. The first and second coders 14 and 24 can employ dtferent 
cSngtb.es as noted above, or can emp.oy entirely different coding methods. Similarly, the first and second quantizers 
1 3 and 23 can employ different quantizing tables, or different quant.z.ng methods. 

0030] FIG. 3 shows a second embodiment of the invention, using the same reference numerals as n FIG A for 
equivalent e.ements. Descriptions of these elements will be omitted. The coder 24 ,n FIG. 3 is equ.va.ent to both the 

looaT ^^^^^^ and second embodiments is that the coded signal selector 25 the 
Z embedment is replaced in the second embodiment by a quantized signa. selector 34, which is disposed^ b*ween 
the first and second quantizers 13 and 23 and the coder 24. The quantized signal selector 34 compnses a 1» 
and a quantized data comparator 35, which se.ect one of the two quantized signa.s .13 and s23 output by the f.rst and 
second quantizers 13 and 23, and supply the selected quantized signal s1 6 to the coder 24 thofirctand 
[0M2] The quantized data comparator 35 operates by counting the number of non-zero data values ,n the , fntf .and 
second quantized signals .13 and s23, and selecting the quantized signa. with the least amount of 
control s'gnal s35 from the quantized data comparator 35 commands the switch 1 6 to supply the se.ected quantized 

2S signal to the coder 24. 

T00331 The other elements in the second embodiment operate as in the first embodiment. 

0034 The amount of non-zero data in the quantized signals predicts the size of the coded data wrth good accuracy, 
Che second embodiment provides substantial* the same effect as the first ™ 
coder instead of two. The second embodiment is advantageous when the same coding method and cod.ng table are 
30 employed for the quantized data resulting from both mathematical transformations. 

[0035] FIG. 4 shows a third embodiment of the invention, using the same reference numerals as n G^ e^ ^ 
Sent elements. Descriptions of these elements will be omitted. The quantizer 23 in FIG. 4 is equ,va.ent to both the first 

$£T£^^^™™'^ and third embodiments is that the quanti2ed J : igna 1 s : ,ec r 34 °l 

^ second embodiment is replaced in the third embodiment by a transformed signa. selector 44, which is disposed 
^^SZ^A scanners 12 and 22 and the quantizer 23. The transformed signal r^«™P"~ 
• switch 1 6 and an energy convergence comparator 45, which se.ect one of the two one-d.mensional signals ,1 and 
s22 output by the first and second scanners 12 and 22, and supply the selected one-d.mens,ona. signal s16 to the 

?0037? * The energy convergence comparator 45 operates by comparing the rate of convergence of energy in the two 
He lens onafs^a.s s^and s22. Specifically, the energy convergence comparator 45 arranges y > 
dafa in each one-dimensional signal in decreasing order of absolute va.ue, then calculates a cumulative sum of squares 
f ach o^e dimensional signa. and determines which sum converges more ra P id.y toward its final total value. * .control 
signa. s45 from the energy convergence comparator 45 commands the switch 1 6 to supply the one-d.mens,ona. s,gna. 
45 W ith the faster energy convergence rate to the coder 24. 

r00381 The other elements in the third embodiment operate as in the second embodiment. 

0039 The rate of energy convergence is a good indicator of the amount of non-zero data that will be present aher 
quant zation The third embodiment thus provides substantially the same effect as the second embod^ 
requiring on.y one quantizer instead of two. The third embodiment is advantageous when the same quanting and 

50 coding methods and tab.es are emp.oyed for the transformed data resulting from both ma hematica t"*™*^ 
[0040] FIG. 5 shows a fourth embodiment of the invention, which is generally similar to the first emb^iment but 
employs throe different mathematica. transformations. For example, the discrete cosine transfer and two , different 
types of wavelet transforms can be employed. One type of wavelet transform is the transform desenbed -n the h^t 
embodiment. The othertype replaces the various high-frequency components with edge information, detected by com- 

55 paring differences between adjacent pixel values. hm-mm* math- 

[0041] These three particular mathematical translations ar just one example, however. Any three drff erent math 

ematical transformations can be employed. , ra „ e f ftm pri 

[0042] The first mathematical transformation is performed by a first transform processor 61 , and the transformed 
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data are further processed by a first scanner 62, a first quantizer 63, and a first coder 64. These elements output 
Specie signals s61 , s62, s63, and s64. The first coded signal s64 is suppiied to a code s,ze comparator 65 and 
switch 66 which constitute a coded signal selector 67. 

[0043] The second mathematical transformation is performed by a second transform processor 71 , and the trans- 
ormed data are further processed by a second scanner 72, a second quantizer 73, and a second coder 74. These 
elements output respective signals s71 , s72, s73, and s74. The second coded signa. s74 is supplied to the code s.ze 

data are further processed by a third scanner 82, a third quantizer 83, and a th.rd coder 84. These elements output 
?elpe2e signais s81 , s82, s83, and s84. The third coded signa. s84 is supplied to the code s,ze comparator 65 and 

[OmIS ^The code size comparator 65 compares the three coded signa.s s64, s74, and s84 selects the coded I signal 
with the smallest code size, and sends a command signal s65 to the switch 66, causing the swrtch 66 to output the 
elected coded sional In the drawing, the second coded signal s74 becomes the selected coded signal s66. 
^The^ 

compression performance, by selecting from among signals produced by three different mathematical transformations 
SSTSKS; of mathematicallransformations is not limrtedto two orthree. In genera. N different 
[ransformations may be performed, and a selection made among the N resulting coded signals, where N is any number 

^second and third embodiments can also be modified by increasing the number of mathematical transfor- 
ms. Hybrid versions of these embodiments are f urthermore possible. For example, a selection between ,*t and 
second transformed signals can be made on the basis of energy convergence ^-^^^^^^ 
Quantized and coded by one method while a third transformed signal is being quantized and coded by another method, 
Tn the code sizes of L two coded signals can be compared and the smaller coded signal selected for output. 
[0049] The mathematical transformations need not all be two-dimensional block transformations. Some or all of the 
transformations may operate on the image as a whole, instead of on n x n blocks of pixels. 

[0050] If the mathematical transformations are all two-dimensional block transformations, however, and if the block 
sizes arc all the same, the code size comparator, quantized data comparator, or energy convergence cc.para.or oo„ 
generate a separate control signal for each block. In other cases, control signals are output per larger units, e.g. one 

[0°051°] S The\nvenTed 9 fmage encoder need not comprise separate circuits as shown in the embodiments above Jhe 
various transform processors, for example, may be combined into a single processor that performs the necessary 
mathematical transformations one after another. This processor may also be adapted to carry out the scanning, quan- 
tizing, coding, and comparing operations performed by the other elements in the embodiments. 
[0052] Those skilled in the art will recognize that further modifications are possible. 



Claims 

1 . A method of encoding an image signal, comprising the steps of: 

performing a plurality of different mathematical transformations on said image signal, thereby obtaining a plu- 
rality of transformed signals; 

reordering said transformed signals to obtain respective one-dimensional signals; 

selecting quantizing, and coding one of said one-dimensional signals to obtain a coded signal, and outputt.ng 
said coded signal; wherein said step of selecting, quantizing, and coding comprises the further steps of: 

quantizing each of said one-dimensional signals, thus obtaining a plurality of quantized signals; 
comparing amounts of non-zero data in said quantized signals; 

selecting from among said quantized signals a quantized signal with a minimum amount of non-zero data; and 
coding and outputting the quantized signal thus selected. 

2. The method of claim 1 , wherein different quantizing methods are used for different one-dimensional signals in said 
step of quantizing each of said one-dimensional signals. 

3. The method of claim 1 , wherein different quantizing tables are used for different one-dimensional signals in said 
step of quantizing each of said one-dimensional signals. 
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4. An image encoder for encoding an image signal, comprising: 

a plurality of transform processors (11 , 21 ) for performing different mathematical transformations on said image 
sianal in Darallel thereby obtaining a plurality of transformed signals; 

aSkepluramyof scanners (1 2, 22) coupled to respective transform processors, for reordering sa.d transformed 

XX^^^^^-^ — - — said «— *- 

SSSSSSS: SESES- quantizers, for comparing amounts of non-zero data in said 
Quantized signals and selecting a quantized signal with a least amount of non-zero data; and 
^HSmSS^ to said quantized signal selector, for coding the quantized signal selected by sa.d quan- 
tized signal selector to obtain a coded signal, and outputting said coded s.gnal. 

5. The image encoder of claim 4, wherein said quantizers (13, 23) employ different quantizing methods. 

6. The image encoder of claim 4, wherein said quantizers (13, 23) employ different quantizing tables. 

7 The image encoder of claim 4, wherein said transform processors (11 , 21) divide said image signal into blocks 
and perform two-dimensional mathematical transformations on sa.d blocks. 

8. The image encoder of claim 7, wherein one of said transform processor* (11 ) performs a wavelet transform. 

9. The image encoder of Cairn 8, wherein another one of said transform processors (21) performs a discrete cosine 
transform. 



30 



35 



40 



45 



50 



55 



7 



EP 1 102 490 A1 




CO 
CM" 





EC 




UJ 




Nl 




1- 










CM 




CM 




V) 





Si— 



CO 



CO 






cc 




UJ 




fsl 




1- 






I— 

w 


QUA 




CM 




CM' 




8 



EP1 102 490 A1 



FIG.2 




EP1 102 490 A1 



CVT 



cr 

Ui 

§8 

WO 



CO 

O 




o 

T— 

</} 



10 



EP 1 102 490 A1 



CO 

cvr 



o 

LL 




CM 
CM" 



DC 
LU 



Q < 
cj CO 



CM 



I- < 

£8 





o 



11 



EP 1 102 490 A1 




CO 

CO' 





<r 




LL) 




rsi 




l- 




z 


1ST 


QUA 


CM 




CO 




<o 





CM 
CO^ 




CO 
CO 






oc 




LU 




ISI 




•— 






n 


< 


So 


CM 
CO 





CO 

CO- 



CM 




CM 

CO' 



CO"" 



1ST 

TRANSFORM J 
PROCESSOR 





2ND 

TRANSFORM ■ 
PROCESSOR 


5 — 


3RD 
- TRANSFORM 
PROCESSOR 



o 

CD 
CO 



EP 1 102 490 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 10 3268 



DOCUM ENTS CONSIDERED 70 BE R ELEVANT 

1 Citation of document with indication, where appropriate. 
Category of relevant passages — 



: EP O 561 593 A (SONY CORP) 
22 September 1993 (1993-09-22) 

* abstract * 

' * page 2, line 1 - line 45 * 

* page 3, line 28 - line 34 * 

* page 5, line 8 - line 49; claims; figure 
2 * 

FENG ZOU ET AL: "Maximum energy principle 
of multiple transforms in data 

IkHrANSACTIONS ON SIGNAL PROCESSING, 

DEC. 1995, IEEE, USA, 

vol. 43, no. 12, pages 3036-3039, 

XP002044172 

ISSN 1053-587X 

* abstract * _ 4 

* page 3037, right-hand column, last 
paragraph - page 3038, right-hand column, 
last paragraph; figures * 

US 4 691 329 A (JURI TATSURO ET AL) 
1 September 1987 (1987-09-01) 

* figures 2,4 * 

EP 0 417 739 A (FUJITSU LTD) 

20 March 1991 (1991-03-20) 

* abstract; claims; figure 2 * 

* page 3, line 40 - page 5, line 15 * 

EP 0 442 096 A (BOSCH GMBH ROBERT) 

21 August 1991 (1991-08-21) 

* abstract * 

* column 1, paragraph 3 - column 4, 
paragraph 1; claim 1; figures 3,7,11-13 



Relevant 
to claim 



1-9 



1,4 



1.4 



1,4 



1,4 



The present search report has been drawn up for all claims 



Place oi search 

BERLIN 



Cale ol completion ul tie search 

26 March 2001 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



H04N7/26 
H04N7/30 
H04N7/5O 
G06T9/00 



TECHNICAL FIELDS 
SEARCHED (IM.CL7) 



H04N 

G06T 



Eaamtner 

Gries, T 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant il taken alone 

Y : particularly relevant it combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying me invention 
E : earlier patent document, but published on. or 

aher the filing dale 
D : document cited in the application 
L : document cited tor other reasons 

'iTrnQ^r rt ite aamc patent family, corresponding 
document 



13 



EP1 102 490 A1 



3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 10 3268 



DOCUMENTS CONSIDERED TO BE RELEVANT 



! Category 



Citation ol document with indical ion, where appropriate, 
o- relevant pass ages 



P.A 



WIEGAND T ET AL: "Efficient mode 
selection for block-based motion 
compensated video coding" 
PROCEEDINGS. INTERNATIONAL CONFERENCE ON 
IMAGE PROCESSING (CAT. N0.95CB35819) , 
PROCEEDINGS INTERNATIONAL CONFERENCE ON 
IMAGE PROCESSING, WASHINGTON, DC, USA, 
23 26 OCT 1995 

pages 559-562'vol .2, XP000624030 
ISBN 0-7803-3122-2. 1995, LOS ALAM TOS, 
CA, USA, IEEE COMPUT. SOC. PRESS. USA 
* page 559, right-hand column, paragraph 3 

* 

WU Z ET AL: "Block-based DCT and wavelet 
selective coding for arbitrary-shaped 

VISUAL COMMUNICATIONS AND IMAGE PROCESSING 
•97, SAN JOSE, CA, USA, 12-14 FEB. 1997, 
vol. 3024, pt.l, pages 658-665, 

?Ss2 2 ?277-786X, PROCEEDINGS OF THE SPIE - 
THE INTERNATIONAL SOCIETY FOR OPTICAL 
ENGINEERING, 1997, SPIE-INT. SOC. OPT. 
ENG, USA 

* abstract * 

* page 658, paragraph 1 - page 559, 
paragraph 5; figure 1 * 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (tnl.CI.7) 



1,4 



1-9 



The present seaxh report has been drawn ^ tor all claims 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



PUre ol searcn 

BERLIN 



Dale o» completion ol the searcn 

26 March 2001 



Examiner 



Gries, T 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant ct taken atane 
c> y . paruciiiarly reievam if combined with anotner 

document ol the same category 
I A : technological background 
O : non-*nitten disclosure 
p : intermediate document 



T • theory or principle underlying the invention 
E ' earlier patent document, but published on. or 

after the faingdate 
D • document cited in the application , 
L • document cited lor other reasons 



& Vmernber ol the same patent famiy. corresponding 
document 



14 



EP 1 102 490 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 10 3268 



26-03-2001 



Prtrnt document 
c::eo >n search report 



Publication 
date 



Patent family 
member(s) 



EP 0561593 A 



22-09-1993 



DE 69312132 D 

DE 69312132 T 

jp 60464G4 A 

US 5398067 A 



Publication 
date 



21-08-1997 
15-01-1998 
18-02-1994 
14-03-1995 



US 



4691329 A 01-09-1987 



JP 
JP 
JP 
JP 
JP 
DE 
EP 
KR 



2608699 B 
62006539 A 
2068027 C 
5013434 B 
62021389 A 
3684047 A 
0207774 



9101469 B 



07-05-1997 
13-01-1987 
10-07-1996 
22-02-1993 
29-01-1987 
09-04-1992 
07-01-1987 
07-03-1991 



ZP 0417739 A 


20-03-1991 


JP 
CA 
DE 
DE 
US 


2024742 A,C 
69020269 D 
69020269 T 

5224167 A 


12-03-1991 
27-07-1995 
25-01-1996 
29-06-1993 




21-08-1991 


DE 







Fo. mere *» b »Ou, m,v annex : see Official Jouma. o. the European Patent Office. No. 12/82 



15 



